Response bias reflects the decision rule an individual uses when faced with uncertainty on recognition memory tasks. Recent studies indicate frontal regions may mediate response bias performance. One theory of aging also implicates frontal lobe contributions in age-related cognitive changes. This suggests that frontal lobe changes may mediate response bias in older adults. Consistent with this frontal aging hypothesis, we predicted that response bias would become more liberal with age. Methods: Participants were 181 younger (30-49) and 112 older normal adults (751) that were part of the California Verbal Learning Test-second edition (CVLT-2) normative sample (total n 5 1078). We used parametric measures of discriminability and response bias provided by the CVLT-2 scoring program. Groups were similar in IQ and education. Multi-level regression models were created to examine the effects of moderating variables. The interaction between age and age group significantly predicted response bias. Post hoc analysis indicated that increasing age was associated with more liberal bias in the older but not in the younger group. In the light of reported relationships between frontal regions and both aging and response bias, we hypothesize that frontal changes may be the underlying mechanism explaining the increase in liberal response bias with age. (JINS, 2006, 12, 1-7.) 
INTRODUCTION
Normal aging has been associated with performance deficits on hippocampal-dependent memory tasks requiring delayed recall or recognition (Buckner, 2004; Lamar et al., 2004; Rapp & Heindel, 1994) . However, multiple factors contribute to these age related changes in memory (GunningDixon & Raz, 2000) . For example, although age-related hippocampal atrophy probably plays a major role in memory decline (DeCarli et al., 2005) , normal aging has also been linked with reduced frontal lobe volume (Raz et al., 1997) and proportionately greater deficits on measures of frontal lobe function (Chao & Knight, 1997) .
Recognition memory paradigms are well suited to studying both hippocampal and frontal contributions to agerelated memory decline. Response bias and discriminability are two measures derived from recognition memory tasks that are useful in understanding the cognitive systems and therefore the neuroanatomical substrates that underlie memory. Discriminability refers to performance accuracy and reflects the strength of a memory trace, suggesting medial temporal lobe (MTL) recruitment (Deweer et al., 1995) . Memory as measured by recall or recognition has been associated with the MTL (Johnson et al., 2001 ) and therefore discriminability has been the primary focus in most studies of recognition memory. Response bias, on the other hand, reflects the outcome of a decision making process that occurs as an individual is faced with choosing between two or more options. Response bias quantifies the tendency to either respond in a predominantly liberal (i.e., "yes") or conservative (i.e., "no") direction. Response bias has been linked to the frontal lobes, such that lesions to the frontal lobe will lead to a more liberal response set (Swick & Knight, 1999; Walton et al., 2004; Windmann et al., 2002) . Importantly, response bias is theoretically independent of discriminability (Miller et al., 2001; Snodgrass & Corwin, 1988) . Although response bias might change with normal aging as a consequence of frontal lobe atrophy, response bias in aging has not been fully explored.
Studies that have investigated recognition memory in aging indicate that older adults have reduced discriminability (i.e., accuracy) (Fulton & Bartlett, 1991; Harkins et al., 1 1979) compared to younger subjects. The response bias studies have been more mixed. Some studies have suggested a more conservative bias in older subjects (Ferris et al., 1980; Vakil et al., 2003) . Other studies found age-related increases in false recognitions (Fulton & Bartlett, 1991) , although formal measurement of response bias is rarely reported. There have also been studies that reported more liberal responding (Bastin & Van der Linden, 2003; Flicker et al., 1990) . However, other potential mediating factors, such as education, IQ, sex, and memory accuracy, typically have not been considered.
We conducted this study to further investigate response bias in aging based on a multiple factor model of aging, known as the frontal aging hypothesis (Buckner, 2004; West, 1996) . Investigators of normal aging have more recently suggested that a multiple factor model of aging might better explain the process of age related neurocognitive changes (Buckner, 2004) . The multiple factor framework proposes "distinct age-associated cascades that target different brain systems and may independently vary in their level of progression across individuals" (in Buckner, 2004, p. 196) . Investigators have given particular attention to frontalstriatal white matter changes (Salat et al., 2005) , frontal gray (Raz et al., 1997; Salat et al., 1999) and striatal volume loss (Raz et al., 2003) , and neuro-chemical changes such as reduction of dopamine (Haycock et al., 2003) . Typically, researchers refer to age ranges starting at 65 and older as a particularly vulnerable period for expression of specifically age associated pathophysiological changes (Buckner, 2004) . Such structural changes have also been associated with both executive function and memory changes . Buckner (2004) describes a study (Park et al., 1996) , which demonstrated a striking drop in long-term and working memory performance after the age of 70, with relatively stable performance from the 20's to 60's.
With the consistent evidence for alterations in frontalstriatal networks, investigators have turned to the frontal aging hypothesis. This theory suggests that the vulnerability of the frontal lobes to normal aging will be associated with age-related declines on more frontally mediated aspects of memory performance like response bias and that these declines will be present earlier than for other cognitive abilities. Accordingly, this study had two hypotheses: (1) Age would significantly predict response bias even after controlling for multiple moderator variables including discriminability; and (2) the relationship between age and response bias would be greater in an older cohort than in a younger cohort.
MATERIAL AND METHODS

Subjects
All data for this study were drawn from the final normative reference sample of the California Verbal Learning Test, Second Edition (CVLT-2, Delis et al., 2000) . The final normative sample consisted of 1078 subjects who were screened for self-reported neurological or psychiatric disorders or debilitating medical illnesses. To screen out participants with unreported cognitive impairments or poor cooperation, the publishers excluded individuals with extremely low levels of immediate recall or extremely high levels of intrusions or false positive errors (.15) from the final normative sample.
We selected 293 subjects from the normative sample based on age alone: a younger cohort consisting of all 181 participants from ages 35 to 49, and an older cohort consisting of all 112 participants from ages 75 to 89. Data from the publishers reflected that 22 potential participants (5 were in the 35-49 age range and 13 from the 75-89 age range) had been excluded from the final normative sample because of excessive false positive errors. Group characteristics are summarized in Table 1 . The two groups were significantly different in age only; there were no other differences in demographic characteristics such as IQ or years of education.
Procedures
We administered the CVLT-2 during the CVLT-2 standardization study under standardized conditions along with the Wechsler Abbreviated Scale of Intelligence (WASI; The Psychological Corporation, 1999) and the Delis-Kaplan Executive Function System (D-KEFS; Delis et al., 2001) . Participants were read a list of 16 words (list A) that was presented over five learning trials, and instructed to recall as many words as they could at each trial. They were then presented with an interference list (list B) composed of 16 entirely new words. Immediately following list B, free and cued recalls for list A were assessed. After an additional 20-minute delay, we assessed free recall, cued recall, and recognition memory.
The recognition memory trial consists of the 16 target items randomly mixed with 32 distractors; subjects were to respond "yes" if the item was from the target list, and "no" if it was not. Level of performance was reflected in the number of correct hits and false-positive errors. These data yield two measures of recognition memory that we adapted from signal detection theory: recognition discriminability and response bias. Discriminability refers to the ability to distinguish target words from distractor words, and is widely considered to be the best measure of recognition memory accuracy. The discriminability index, or d ' , is analogous to a contrast z score reflecting the absolute difference in standard deviation units between the subjects hit rate and falsepositive rate.
Performance on a recognition memory test is also influenced by response bias, which is the tendency to favor "yes" or "no" responses, particularly when there is uncertainty about the correct response. Response bias is theoretically independent of recognition discriminability (Donaldson, 1992) , that is, subjects can exhibit a positive (i.e., "yes") or negative (i.e., "no") response bias when discriminability is 2
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high or low. The response bias measure employed in this study is a parametric measure of "C" (for criterion level) that is defined as 20.5 (z score of hit rate 1 z score of false-positive rate). More negative scores reflect a positive or "yes" response set, and more positive scores reflect a negative or "no" response set.
Results
Descriptive data from the CVLT-2 are summarized in Table 1 . Univariate analyses (Bonferroni corrected) indicated that older subjects had significantly fewer recognition hits ( p , .001), more false alarm errors ( p , .001), lower discriminability scores ( p , .001), more liberal response bias ( p , .001), and poorer short and long delayed recall ( p , .001), and compared with younger subjects. We performed a hierarchical regression analysis to test the hypotheses of interest, which were to determine the relationships between age and response bias after controlling for the relative contributions of individual characteristics such as gender, education, and WASI Full Scale IQ (see Table 2a ). Gender, education, and IQ were entered into the model in the first step, and collectively explained 4.5% of the variance in response bias. In the second step, we entered age group to determine the effects of belonging to either the older or younger group. This explained an additional 2.4% of the variance, with the older group being associated with a more liberal response bias. In the third step, adding the age group by age interaction term explained an additional 3.0% of the variance. Post-hoc analyses on each group indicated that age was not significantly correlated with response bias in the younger age group (r 5 .048; p 5 .26), but age was inversely correlated with response bias in the older age group (r 5 2.234; p , .01), that is, response bias became more liberal with increasing age (see Figure 1) .
According to signal response theory, response bias is unrelated to discriminability. However, because there were age differences in recognition discriminability, we repeated the multiple regression analyses to determine what impact these differences might have on response bias. In this model, the first step included the individual characteristics (gender, education, IQ), discriminability was entered in the second step, followed by age group in the third step, and age group by age interaction in the fourth (see Table 2b ). Entering discriminability into the model explained an additional 8.1% of the variance, with lower discriminability associated with a more liberal response bias. With discriminability in the model, the age group effect was no longer significant, but the interaction effect remained~b 5 21.4, p 5 .022).
Several previous studies have linked response bias to the frontal lobes. To examine this hypothesized link further, we carried out several exploratory analyses to determine if response bias was also related to other measures thought to rely on frontal lobe function. To test this, several representative executive tasks were selected from the D-KEFS to yield measures of concept formation, inhibition, set-shifting, and verbal fluency. The most commonly used measures of executive function that have been well validated in patients with particularly executive deficits (i.e., focal frontal lesions, Parkinson's disease, and schizophrenia) were selected (Delis et al., 2001 (Delis et al., , 2004 . Our measure of concept formation was card sorting. Inhibition was the Stroop interference task after controlling for color naming. Set-shifting was the switching condition of the trail making test after controlling for the non-shifting sequencing conditions. Verbal fluency was word generation to letters F, A, and S. In each of these secondary analyses, we used hierarchical multiple regression to determine the relationship between response bias and executive functioning after controlling for education, gender and full scale IQ.
Stroop inhibition ( b 5 .18, p 5 .04) was the only executive measure we used to predict response bias scores Response bias and aging (Table 3a) . Trails switching, total free sort, and word generation to letters F-A-S did not significantly contribute to response bias (Tables 3b-d) . In Stroop inhibition, we also included color naming, to control for the influence of colornaming ability to the inhibition task. This condition did not predict response bias. Finally, in the analysis with trails switching, we included both number and letter tracing conditions in the model, to control for additional factors such as processing speed and motor involvement. These tasks did not contribute to response bias performance.
DISCUSSION
The primary goal of this study was to assess response bias in older and younger age cohorts on a recognition memory task. The first major finding of this study demonstrated age differences in response bias performance, with older subjects demonstrating a more liberal response bias than younger subjects. The second major finding was an interaction between age and age group reflecting the fact that age affected response bias in the older cohort but not in the younger group. In older adults, increasing age was related to more liberal responding, whereas in younger adults, there was no relationship between age and response bias. Our finding of age-related change in response bias is consistent with the frontal aging hypothesis (West, 1996) . Several recent studies (Alexander et al., 2003; Bechara, 2001; Kramer et al., 2005; Manes et al., 2002; Miller et al., 2001; Windmann et al., 2002) suggest that frontal lobe mediated functions influence response bias. Investigators using functional magnetic resonance imaging (Miller et al., 2001) demonstrated increased activation of the dorsolateral prefrontal regions as well as more posterior regions during a recognition memory task in which subjects were instructed to be liberal or conservative in their responses. Windmann et al. (2002) demonstrated sensitive ERP responses in frontal sites in healthy young subjects who were divided into High and Low bias groups and differed only in their response bias scores. Windmann et al. (2002) further suggested that changes in these early prefrontal ERP reflected the criterion setting function of this cortical region. Swick & Knight (1999) demonstrated significantly more liberal response bias in patients with frontal lobe lesions compared to patients with temporal lobe lesions. Frontal lesion patients also demonstrate higher intrusion errors (Daum & Mayes, 2000) , false memories (Curran et al., 1997; Schacter et al., 1996) , and confabulation (Baddeley & Wilson, 1988; Johnson et al., 1997) . Kramer et al. (2005) used volumetric MRI to show that while hippocampal volumes best predicted recognition discriminability, frontal lobe volumes best predicted response bias.
The specific vulnerability of the frontal lobes to aging is supported by several converging programs of study including structural (DeCarli et al., 2005; Raz et al., 2000) and functional (Chao & Knight, 1997; Grady et al., 2003; Lamar et al., 2004) imaging, as well as traditional behavior studies (MacPherson et al., 2002; Ratcliff et al., 2003) . MacPherson et al. (2002) demonstrated age related changes on executive function tasks considered to reflect set shifting, planning and temporal ordering. Older adults have also been shown to have higher false alarm rates (Fulton & Bartlett, 1991; Jacoby, 1999) , more liberal response bias (Trahan et al., 1986) , and difficulty with inhibiting task irrelevant stimuli (Chao & Knight, 1997) . The mechanisms by which the frontal lobes mediate response bias have only begun to be elucidated. Investigators have discussed the associations between frontal lobe function and response bias as part of the top-down processes (Swick & Knight, 1999 ) that are necessary to setting different criteria, such as monitoring (Shimamura, 2000; Walton et al., 2004) and controlling item retrieval (Buckner et al., 1996; Fletcher et al., 1998) . There are several steps relying specifically on frontal lobe structures that must occur when individuals must decide whether presented stimuli have been presented before. One has to compare a stimulus to items in storage that might entail retrieval processes (Buckner et al., 1999) . Once an item or several items have been retrieved, a comparison of the different items and the relevant descriptions associated with the information must be conducted, for example, context or source (Baldo et al., 2002) . Then based on a certain threshold the strength of the item that was brought up must be assessed. Finally, inhibition of stimuli that are not relevant must be performed (Chao & Knight, 1997) .
Secondary analyses with four widely used measures of executive functioning were also conducted because executive ability is often used as a marker of frontal lobe functioning. Only one of these measures, the D-KEFS Stroop, showed a significant relationship with response bias. Trails switching, word generation to letters F-A-S, and card sorting did not. Executive function processes cover a broad spectrum of cognitive function and abilities, which in turn, likely reflects the diverse circuits that comprise the frontalsubcortical networks (Elliott et al., 2000; Ongur et al., 2003; Tekin & Cummings, 2002) . It is possible that response bias performance in older adults may rely on a relatively circumscribed system that may be captured by one particular executive task but not by others. Miyake et al. (2000) demonstrated that several measures of executive function had discriminant loadings. For example, a measure of inhibition (Stroop) did not significantly correlate (r 5 .09) with a measure of switching (letter-number). It may be that response inhibition is more involved with response bias than are concept formation, fluency, and set shifting. Nevertheless, no conclusions regarding the relationship between response bias and executive function can be drawn from this study.
Nonfrontal factors such as reduced hippocampal recruitment may have also contributed to the observed age-related increase in liberal bias. According to Hirshman (1995) , weaker memory traces might influence the decision criterion that is used to respond, thus, leading to different response biases. For example, in our study encoding and short and long delayed recall of information were also reduced in older subjects compared to their younger cohort, suggesting that older adults may have weaker ability for creating and storing memory traces than younger subjects. This may have been one factor influencing older subjects in their decision making process.
Older adults may become more liberal in their responses because of reduced top-down processes that result in lowering the criterion level from which to make a decision, for example, reduced control in inhibiting task irrelevant information. Chao and Knight (1997) demonstrated different prefrontal and medial temporal regional activation patterns in older subjects compared to younger subjects during the Sternberg task. Older adults demonstrated decreased frontal activation and higher false alarm rates during performance on this task. Chao and Knight (1997) provide evidence for the role of the frontal regions in top-down processing and inhibiting task irrelevant stimuli, which are reduced in older subjects. 
Response bias and aging
There were several limitations in this study. First, the CVLT-II has delayed recall trials that can potentially confound the results of the delayed recognition condition. The recognition task is also subject to criticism because the CVLT-II recognition task uses twice as many distractors as target words instead of the more traditional 1:1 ratio of studied and nonstudied items (Donaldson, 1992; Snodgrass & Corwin, 1988) . Although this was done to make the task more difficult and enables a comparison between semantically related and semantically unrelated distractors, the response bias measure calculated by the CVLT-II may not reflect the true response bias of the subject. Future studies should use a recognition memory task that has more items and fewer learning trials (and therefore less risk of a ceiling effect), no delayed recall trials, and a recognition condition with equal numbers of targets and distractors.
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